Keywords: aerial insulated wire, creeping discharge, lightning impulse, insulator A lightning strike in the neighborhood of the power distribution systems gives rise to the inductive lightnig surges. The over-voltage of surges also causes the complicated creeping discharges just after insulator flashover at the supporting points of the insulated wire. Then, the distribution lines are exposed to danger of the failure due to the disconnection or melting of wire. In order to prevent such accidents, the elucidation of the creeping discharge phenomena is very important. This paper describes the developing mechanism of the positive creeping discharge along the wire surface, which is based on the experimental results. Figure 1 shows the experimental circuit. A negative standard lightning impulse voltage was applied to the central line of wire as a simulated inductive lightning surge. The length and aspect of positive creeping discharges were measured as a function of time by using a high-speed image converter camera (ICC). Figure 2 shows typical developing steps of positive creeping discharge, which was measured by the applied impulse voltage with a peak value of V m = −80 kV. The exposure time was 40 ns in frames No.1 to 3. We can see the jumping phenonenon at the dischrge tip. There is no jumping discharge in frame No.1, but in frame No.2, the jumping of discharge comes into view at the wire surface. The direction of jumping agrees with a progressive direction of the creeping discharge. In frame No.3, the jumping discharge reveals an arc-like shape at the wire surface. This indicates that a positive creeping discharge progresses while jumping over the wire surface. Figure 3 shows the developing model of positive creeping discharge tip. The high density region of positive ions generated by an impuct ionization process is formed at the discharge tip. The positive ions at the discharge tip draw the electrons. The collision between the electrons and the nitrogen molecules also gives rise to The electrons are drawn to the positive ion crowd at the discharge tip again. The positive ions are drawn toward the negative potential of the wire central line, so that they are adhered to the wire surface. On the other hand, when the electrons are drawn to the positive ion crowd at the discharge tip, the electron avalanche generates and the positive ion crowd is remained at the tip of electron avalanche. These processes are repeated because of the occurrence of continuous impact ionization. Consequently, the discharge tip traveles to the space around the wire. It may safely be said that this jumping phenomenon is a characteristic of the positive creeping discharge. The occurrence of such jumping, however, is restricted within narrow region at the discharge tip. The discharge in the rear of the tip adheres to the wire surface and is free from jumping. In high voltage aerial distribution systems, the insulated wires are supported by the insulator with the binding wire at the electric light pole. When a lightning strike happened in the neighborhood of the aerial insulated wire in a power distribution system, the inductive lightning surges invade to the central line of the wire. Then, the creeping discharges develop along the wire surface from the binding wire tip in the same time as the flashover of the insulator at a supporting point of the wire. If the wire insulator has weak points such as the pin-holes, the disaster near the wire supporting point may occur with a melting of wire due to the punch-through breakdown. To prevent such accidents, it is important to clarify the mechanism of the creeping discharge along the insulated wire which caused by the lightning strike. The polarity of creeping discharges is decided by the polarity of inductive lightning surges, and the developing length and aspect of the discharge are greatly different by the discharge polarity. The developing of these creeping discharges is attributed to complicated behaviors of the positive and negative electric charges.
In the present study, we examined in detail the developing process of positive creeping discharge along the wire surface by using a high speed image converter camera. This paper describes the developing mechanism of positive creeping discharge based on the experimental results. 2) (7) (8) cm cm (9) c 2008 The Institute of Electrical Engineers of Japan.
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